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ACTUATOR ASSEMBLY POR HXDSMLIC SYSTBH 



BACKGROOMP OP THE IHVMSmOMT 

1. Field of the Invent ion 

The present invention relates generally to valves 
and. more specifically, to an actuator assembly for a 
hydraulic system for a motor vehicle. 

2. Description of the Related Art 

It is known to provide a hydraulic valve in a 
number of systems that are used in vehicles such as motor 
vehicles, work machines, machine tools, and a variety of other 
applications. Typically, in motor vehicles, the hydraulic 
valves are most commonly used in an Anti-Loclc Braking System 
(ABS) and a Traction Control system (ICS) to regulate brake 
cylinder pressure. 

It is also known that a Brake -by-Wire (BBW) 
technology is currently being developed by motor vehicle 
manufacturers. One such BBW technology is electro-hydraulic 
braking which also requires a set of valves to achieve desired 
braking actions- In work machines, valves are used to move 
linkages and tools to a desired position through a hydraulic 
system. Valves are either actuated by an electromagnetic 
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solenoid or through a pilot system- However. all 
electronically controlled valves are actuated by an 
electromagnetic solenoid. 

Although the above electromagnetic solenoids have 
worked, they suffer from the disadvantage of electromagnetic 
interference (EMI) . Another disadvantage is that the 
electromagnetic solenoids are unidirectional, i.e., they can 
only impart motion in only one direction. As a result, it is 
necessary to use two solenoids for most dual action hydraulic 
valves, placed at both ends of a valve spool of the hydraulic 
valve . 

Therefore, it is desirable to provide an actuator 
assembly for a hydraulic valve that eliminates electromagnetic 
interference. It is also desirable to provide an actuator 
assembly for a dual action hydraulic valve that eliminates the 
need for two electromagnetic solenoids at both ends of a valve 
spool of the hydraulic valve. It is further desirable to 
provide an actuator assembly for a hydraulic valve that is 
hysteresis free, operates in a wider range of temperatures, 
an d are lightweight. Therefore, there is a need in the art 
to provide an actuator assembly for a hydraulic valve that 
meets these desires. 



SUMMARY OF THE INVENTION 

Accordingly, the present invention is an actuator 
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assembly far a hydraulic system including a Hydraulic valve 
fluidly connected to a source of fluid and having a valve 
spool for regulating flovr of fluid therethrough to an 
actuator. Tha actuator assembly also includes a 

piezoelectric actuator connected to the hydraulic valve to 
move the valve spool in response to signals thereto. 

One advantage of the present invention is that an 
actuator assembly is provided for a hydraulic valve that is of 
a piezoelectric (PZT) type. Another advantage of the present 
invention is that the actuator assembly eliminates the use of 
an electromagnetic solenoid and uses a £>OT actuator to operate 
a valve spool of a hydraulic valve. Yet another advantage of 
the present invention is that the actuator assembly can easily 
obtain bi-directional motion to move a valve spool in both 
directions and only one PZT actuator is needed for a dual 
action hydraulic valve. Still another advantage of the 
present invention is that the actuator assembly has a high 
holding force, resulting in either the elimination of a spring 
or reduction of a size of the spring. A further advantage of 
the present invention is that actuator assembly eliminates 
electromagnetic interference, reduces components, and reduces 
cost. Yet a further advantage of the present invention is 
that the actuator assembly has better valve positioning 
accuracy, reduced hysteresis, operates in wider range of 
temperatures, and is lightweight (higher density force) . 
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Other features and advantages of the present 
invention will be readily appreciated, as the same becomes 
better understood, after reading the subsequent description 
taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THB DRAWINGS 

PIG. X is a block diagram of an actuator assembly, 
according to the present invention, Illustrated in operational 
relationship with a hydraulic system. 

PIG. 2 is a fragmentary elevational view of the 
actuator assembly and a single action hydraulic valve of the 

hydraulic system of FIG. X. 

FIG. 3 is a view similar to PIG. 2 without any 

repositioning springs. 

FIG. 4 is a fragmentary elevational view of another 
embodiment, according to the present invention, of the 
actuator assembly and a dual action hydraulic valve of the 
hydraulic system of FIG. 1. 

FIG. 5 is a view similar to FIG. 2 without any 

repositioning springs . 

DESCRIPTION OF THB PRgFBHRKP a~ ""TWiiT f at 

Referring to the drawings and in particular to FIG. 
1, one embodiment of an actuator assembly 10, according to the 
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present invention, is illustrated in operational relationship 
with a hydraulic system, generally indicated at 12- The 
hydraulic system 12 includes a tank 14 containing a hydraulic 
fluid and a pump 16 fluidly connected to the tank 14 by 
suitable means such as tubing or hoses 17. The actuator 
assembly 10 io fluidly connected to the pump 16 and an 
actuator 18 such as a caliper (not shown) of a brake system 
(not shown) by suitable means such as tubing or hoses 17- The 
hydraulic system 12 also includes a motor 20 connected to the 
punp 16 by suitable means such as a coupling (not shown) for 
driving the pufl£> 1G. The hydraulic system 12 further includes 
an electronic controller 22 electrically connected to the 
motor 20 and the actuator assembly 10 by suitable means such 
as wires 24 for providing power and controlling the motor 20 
and the actuator assembly io . It should be appreciated that 
the actuator assembly 10 controls the flow of hydraulic fluid 
from the pump 16 to the actuator 18. It should also be 
appreciated that, except for the actuator assembly 10, the 
hydraulic system 12 is conventional and known in the art. 

Referring to FIGS. 1 and 2, the actuator assembly 
valve 10, according to the present invention, includes a 
hydraulic valve 25 to control the flow of hydraulic fluid. 
The hydraulic valve 25 includes a housing or manifold block 26 
having a fluid chamber 28 therein, which is fluidly connected 
to the hoses 17. As illustrated, the housing 26 has a 
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generally cylindrical configuration although any other 
suitable configuration may be used. The housing 26 has an 
aperture 30 extending longitudinally through each end thereof. 
The housing 26 is made of a metal material such as aluminum. 
The bousing 26 is an assembly of individual components 
including hydraulic seals (not shown) . 

The hydraulic valve 25 also includes a valve spool 
32 disposed in the fluid chamber 28 of the housing 26 and 
movable therein. The valve spool 32 has a shaft portion 34 
extending axial ly and through the apertures 30 of the housing 
26. The shaft portion 34 is generally cylindrical in shape 
with a generally circular shaped cross-section. The valve 
spool 32 also has a plurality of, preferably two/ disc 
portions 36 extending radially from and spaced axial ly along 
the shaft portion 34 for a function to be described. The disc 
portions 36 are generally circular in shape. The valve spool 
32 is made of a metal material such as aluminum. The valve 
spool 32 is a monolithic structure being integral, unitary, 
and one-piece . It should be appreciated that the hydraulic 
valve 25 is conventional and known in the art. 

The actuator assembly 10 also includes a 
piezoelectric actuator 38 connected to the hydraulic valve 25 
for moving the valve spool 32 therein. The piezoelectric 
actuator 38 includes a housing 40 having a chamber 42. As 
illustrated, the housing 40 has a generally cylindrical 
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configuration although any other suitable configuration may- 
be used. The housing 40 has an aperture 44 extending 
longitudinally through each end thereof. The housing 40 is 
made of a metal material such as aluminum. The housing 40 is 
an assembly of individual component s- 

The piezoelectric actuator 38 also includes a core 
spool 46 disposed in the chamber 42 of the housing 40 and 
movable therein. The core spool 46 has a shaft portion 46 
extending socially and reduced diameter end portions 50 
extending axially from the shaft portion 48 and through the 
apertures 44 of the housing «o. One of the end portions 50 is 
connected to the valve spool 32 of the hydraulic valve 25 by 
suitable means such as mechanical fasteners (not shown) - The 
shaft portion 48 is generally cylindrical in shape with a 
generally circular shaped cross-section. The core spool 46 is 
made of a metal material such as steel. 

The piezoelectric actuator 38 also has at least 
one, preferably a plurality of. preferably six, piezoelectric 
motors 52 extending radially from and spaced axially along the 
core spool 46 for a function to be described. The 
piezoelectric motors 52 axe generally rectangular in shape. 
The piezoelectric motors 52 are of a linear motor type and is 
similar to that disclosed in U.S. Patent No. 5,453,653 to 
Zumeris, the disclosure of which is hereby incorporated by 
reference. The piezoelectric motor 52 is based on a 
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piezoeeramic plate, which under excitation drive and ceramic 
geometry, enables it to excite a transverse bending vibration 
mode at close proximity to a longitudinal extension mode. The 
piezoelectric motors 52 are connected to the controller 22 by 
suitable means such as wires. The piezoelectric actuator 38 
also includes at least one, preferably a plurality of 
supporting springs 54 disposed in the chamber 42 between the 
motors 52 and the housing 40. The springs 54 are connected by 
suitable means to the piezoelectric motors 52 and the housing 
40. It should be appreciated that piezoelectric motor 52 has 
a wide travel range and is not susceptible to electromagnetic 
interference. It should also be appreciated that the 
piezoelectric motor 52 offer intrinsic stalling force when not 
electric field is applied. It should further be appreciated 
that the piezoelectric motors 52 are known in the art. 

The actuator assembly 10 may include at least one 
repositioning spring 56 disposed about one end of the shaft 
portion 34 of the valve spool 32 between the housing 26 and a 
keeper member 58 extending radially from the shaft portion 34 
and connected thereto by suitable means such as mechanical 
fasteners (not shown). The repositioning spring 56 is of a 
coil spring type. The repositioning spring 56 repositions the 
valve spool 32 to a predetermined position when the 
piezoelectric actuator 3ft is not activated. It should be 
appreciated that the repositioning spring 56 is kept where 



(15) ^2002-257252 
9 

precise control of the actuator position is not implement ed- 
it should also be appreciated that the repositioning sparing 56 
may be eliminated if position feedback is available or if the 
accuracy of the position of the valve spool 32 in not a 
problem as illustrated in FIG. 3- 

in operation of the actuator assembly 10, the 
controller 22 commands the piezoelectric actuator 38 to allow 
flow of hydraulic fluid such as oil through the hydraulic 
valve 25. Power from the controller 22 is received by the 
piezoelectric motors 52 that places a driving frequency on the 
core spool 46. Because the motors 52 are coupled to the core 
spool" 46 , a non- symmetrical driving force is exerted on the 
core spool 46, causing movement- The periodic nature of the 
driving force at frequencies much higher than the mechanical 
resonance of the core spool 46 allows cxmtinuous smooth motion 
for unlimited travel, while maintaining high resolution and 
positioning accuracy. The linear movement of the core spool 
45, i n turn, moves the valve spool 32 linearly to control or 
regulate the flow of hydraulic fluid from the pump 16 through 
the hydraulic valve 25 to the actuator 18. It should he 
appreciated that the hydraulic valve 25 is a single action 
valve having a single action valve spool 32 actuated by a 
linear piezoelectric actuator 38. 

Referring to FIG. 4, another embodiment 110, 
according to the present invention, of the actuator assembly 
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10 is shown. Like parts of the actuator assembly 10 have like 
reference numerals increased by one hundred (100). In this 
embodiment, the actuator assembly 110 has the piezoelectric 
actuator 128, which is capable of generating notion in both 
linear directions, used in. combination with dual action 
hydraulic valve 12S. The hydraulic valve 125 has the housing 
12S connected by a first hose X7 a , which, is connected to the 
tank 14, and is connected by a second hose 17b to the pump 16. 
file housing 126 is also connected by a third hose 17c to a rod 
end (RB) of a cylinder (not shown) having a piston (not shown) 
and a rod <not shown) connected to the piston and extending 
out of the cylinder. The housing 126 is also connected by a 
fourth hose 17d to a head end (HE) of the cylinder. The valve 
spool 132 also includes a seal portion 160 extending radially 
from and spaced axial ly between the disc portions 136. The 
seal portion 160 has a groove 162 extending radially inward 
and circumferentially and a seal 164 such as an O-ring 
disposed in the groove 162. The seal portion 160 prevents 
hydraulic fluid from passing between the disc portions 136. 

The actuator assembly 110 may include a 
repositioning spring 156 disposed about both ends of the shaft 
portion 134 of the valve spool 132 between the housing 126 and 
a keeper member 158 extending radially from the shaft portion 
134 at one end and a coupling 166 at the other end. The 
keeper member 158 is connected to the shaft portion 134 by 



(17) 



^2002-2 57252 



11 

suitable means such as mechanical fasteners (not shown) - The 
coupling 166 is connected to both the shaft portion 134 of the 
valve spool 132 and the end portion 150 of the core spool 146. 
The repositioning springs 156 are of a coil spring type. The 
repositioning springs 156 reposition the valve spool 132 to a 
predetermined position when the piezoelectric actuator 138 is 
not activated. It should be appreciated that the repositioning 
springs 156 are kept where precise control of the actuator 
position is not implemented. It should also be appreciated 
that the repositioning springs 156 may be eliminated i£ 
position feedback is available or if the accuracy of the 
position of the valve spool 132 in not a problem as 
illustrated in FIG. 5, 

In operation of the actuator assembly 110 r the 
controller 22 conroands the piezoelectric actuator 138 to allow 
flow of hydraulic f luid^ such_a^o^^)bhroug^i the hydraulic 
valve 125. Power from the controller 22 is received by the 
piezoelectric motors 152 that places a driving frequency on 
the core spool 146. Because the tnotors 152 are coupled to the 
core spool 146, a non-symmetrical driving force is exerted on 
the core spool 146, causing movetrent. The periodic nature of 
the driving force at frequencies much higher than the 
mechanical resonance of the core spool 146 allows continuous 
smooth motion for unlimited travel, while maintaining high 
resolution and positioning accuracy. The linear movement of 
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the core spool 146, in turn, moves the valve .spool 132 in 
either direction linearly to control or regulate the flow of 
hydraulic fluid between the pump 16, tank 14, and actuator 18 
through the hydraulic valve 125. It should be appreciated 
that the hydraulic valve 125 is a dual action valve having a 
dual action valve spool 132 actuated by a linear piezoelectric 
actuator 138. 

The present invention has been described in an 
illustrative manner. It is to be understood that the 
terminology, which has been used, is intended to be in the 
nature of words of description rather than of limitation. 

Many modifications and variations of the present 
invention axe possible in light of the above teachings. 
Therefore, within the scope of the appended claims, the 
present invention may be practiced other than as specifically 
described. 
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WgftX IS CLAIMED 13 : 

1. An actuator assembly for a hydraulic system 
comprising: 

a hydraulic valve fluidly connected to a source of 
fluid and having a valve spool for regulating flow of fluid 
therethrough to an actuator; and 

a piezoelectric actuator connected to said 
hydraulic Tralve to move said valve spool in response to 
signals thereto. 

2. An actuator assembly as set forth in claim 1 
wherein said piezoelectric actuator includes a housing and a 
core spool disposed in said housing and connected to said 
valve spool. 

3. An actuator assembly as set forth in claim 2 
wherein said piezoelectric actuator includes at least one 
piezoelectric motor disposed in said housing and* cooperating 
with said core spool to move said core spool - 

4. An actuator assembly as set forth in claim 3 
wherein said piezoelectric actuator includes a least one 
supporting spring interconnecting said at least one 
piezoelectric motor and said housing. 
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5. An actuator assembly as set forth in claim 2 
wherein said housing has an aperture extending axially 
through each end thereof. 

6 . An actuator assembly as set forth in claim 5 
wherein said core spool has reduced diameter ends extending 
through said aperture, one of said ends being connected to 
said valve spool* 

7. An actuator assembly as set forth in claim l 
wherein said hydraulic valve includes a housing, said valve 
spool being disposed in and moveable in sa±d housing. 

8. An actuator assembly as set forth in claim 7 
wherein said housing has an aperture emending axially 
through each end thereof. 

9. An actuator assembly as set forth in claim & 
wherein said valve spool has ends extending through said 
aperture. 

10. An actuator assembly as set forth in claim 9 
including at least one repositioning spring disposed about 
one end of said valve spool. 
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11. An actuator assembly as set forth in claim 10 
including a keeper member extending radially from the one end 
of said valve spool, said repositioning spring disposed 
between said keeper member and said housing. 

12. An actuator assembly as set forth in claim l 
including a controller electrically connected to said 
piezoelectric actuator to control said piezoelectric actuator 
to wove said valve spool linearly in either direction - 

13. An actuator assembly for a hydraulic system 
comprising £ 

a hydraulic valve fluidly connected to a source of 
fluid and having a valve spool for regulating flow of fluid 
therethrough to an actuator; and 

a piezoelectric actuator connected to said 
hydraulic valve and including at least one piezoelectric 
motor to move said valve spool in response to signals 
thereto . 

X4 % An actuator assembly as set forth in claim 13 
wherein said piezoelectric actuator includes a housing and a 
core spool disposed in said housing and connected to said 
valve spool- 
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15. An actuator assembly as set: forth in claim 14 
wherein said piezoelectric motor is disposed in said housing 
and cooperating with said core spool to move said core spool. 

16. An actuator assembly as set forth in claim 15 
wherein said piezoelectric actuator includes a least one 
supporting spring interconnect ing said at least one 
piezoelectric motor and said housing. 

17. An actuator assembly as set forth in claim 16 
wherein said housing has an aperture extending axial ly 
through each end thereof. 

18- An actuator assembly as set forth in claim 17 
wherein said core spool has reduced diameter ends extending 
through said aperture , one of said ends being connected to 
said valve spool- 

19 . An actuator assembly as set forth in claim 13 
including at least one repositioning spring disposed about 
one end of said valve spool. 

30, A hydraulic system comprising^ 
a tank having hydraulic fluid therein; 
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an actuator for receiving the hydraulic fluid; 

a pump fluidly connected to said tank to pump 
hydraulic fluid from said tank to said actuator; 

a rostor connected to said pump to drive said pump 
to pump the hydraulic fluid/ 

a piezoelectric actuator assembly fluidly connected 
to said tank and said actuator; and 

a controller electrically connected to said motor 
and said actuator assembly to control said piezoelectric 
actuator assembly to allow flow of hydraulic fluid through 
said hydraulic valve- 




a; 
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ACTUATOR ASSEMBLY FOR HYDRAULIC SYSTEM 

ABSTRACT OF THK PISCLOSTJRK 
An actuator assembly for a hydraulic system 
includes a hydraulic valve fluidly connected to a source of 
fluid and having a valve spool for regulating flow of fluid 
therethrough to an actuator- The actuator assembly also 
includes a piezoelectric actuator connected to the hydraulic 
valve to move the valve spool in response to signals thereto. 
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ABSTRACT : 

PROBLEM TO BE SOLVED : To provide an 
actuator assembly for a 

piezoelectric (PZT) type hydraulic valve. 

SOLUTION: The actuator assembly for a 
hydraulic system is connected via a 
fluid source with fluid, and has the 
hydraulic valve, having a valve spool for 
adjusting flow of the fluid flowing to an 
actuator through the valve spool . 
The actuator assembly further has a 
piezoelectric actuator connected to the 
hydraulic valve, so as to move the 
hydraulic valve in response to a signal 
to 

the piezoelectric actuator. 
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